The present study aimed to assess the incidence and type of lipid disorders in the offspring of young Greek coronary patients.
Introduction
Multiple studies have demonstrated that atherosclerosis has its silent beginning during childhood [1, 2] . Fatty streaks are the earliest grossly visible arterial lesions of the atherosclerotic process. Autopsy studies have suggested that fatty streaks are the precursors of mature atherosclerotic lesions [3] . Coronary artery disease, particularly when it presents early in adult life, has been observed to have a familial tendency. This clustering of coronary artery disease is partly explained by the familial aggregation of the traditional risk factors (hyperlipidaemia, hypertension and diabetes mellitus) [4] , while unknown or new factors such as fibrinogen [5] [6] [7] and plasminogen activator inhibitor-1 [8] may also contribute.
With the development of risk factor modification methods in adults, has emerged the possibility of preventing or delaying the coronary artery disease when appropriate measures are applied early in life.
In our study, we assessed the incidence and type of lipid disorders in the offspring of men with premature coronary artery disease and explored the correlation with the lipid levels of their fathers.
Methods

Study population
We studied 193 children and youngsters. Group A consisted of 104 children (6-25 years old) whose fathers had sustained a myocardial infarction under the age of 55 years ('cases'). These children were recruited in a consecutive manner from male patients who had been admitted to our Cardiology Department over the period 1992-1994 with an acute myocardial infarction. There was no maternal history of coronary artery disease in these children. Children with a family history of diabetes mellitus or hypertension were excluded. Also, patients whose children were under the age of 6 years did not participate. One hundred and fifty-six men under the age of 55 years presented to our Department with acute myocardial infarction, of whom 31 were excluded due to coexisting diabetes mellitus or hypertension. Twentyfour patients who were unmarried or had no children or whose children were under the age of 6 years were not recruited. From the remaining 101 patients, 78 (mean age 46 6 years) agreed to the participation of their children in our study. After discharge, the patients were examined over a 4-month period. Two patients died in the early post-infarction period and 25 did not attend the follow-up appointment. In the remaining 51 patients, lipid levels were measured at 4 months when it was expected that acute-phase changes in lipids due to myocardial infarction would have resolved completely.
Eighty-nine young subjects (6-24 years old) without a familial history of coronary artery disease (parents and grandparents), diabetes mellitus or hypertension served as controls (group B). These were recruited from a primary and technical school in Athens. The mean age of their fathers was 50 7 years. A detailed history was taken from all the young subjects concerning smoking and dietary habits and use of oral contraceptives for girls. Blood pressure was measured with a mercury sphygmomanometer. The body mass index was defined as weight/height 2 (kg . m 2 ).
Biochemical analyses
After a 12 h fast, venous blood was drawn between 0730 and 0900 h. Serum for lipid measurements was prepared from additive-free blood samples by centrifugation for 10 min at 3000 g. Serum was transferred in aliquots to plastic tubes and stored at 4 C until assay within 48 h. 
Statistical methods
Values are expressed as mean SD. Logarithmic transformation was made on lipoprotein(a) in order to normalize its highly skewed distribution. Differences between means were compared with an unpaired Student's t-test and differences in proportions with the chi-square statistic. Simple linear regression analysis was applied to examine the relationship between two variables. A P value <0·05 was considered significant. Table 1 shows the characteristics of the subjects studied. The two groups did not differ significantly with respect to age, sex, body mass index, systolic and diastolic blood pressure, cigarette smoking and oral contraceptive use for girls. The results of lipid measurements are shown in Table 2 . Mean levels of total cholesterol, low density lipoprotein cholesterol, lipoprotein(a), total cholesterol/ high density lipoprotein cholesterol and low density lipoprotein cholesterol/high density lipoprotein cholesterol were higher in the children of the affected individuals compared to the controls. This difference was maintained in the subgroup of boys (Fig. 1 , top panel) but was abolished for the ratios of total cholesterol/high density lipoprotein cholesterol and low density lipoprotein cholesterol/high density lipoprotein cholesterol in the subgroup of girls (Fig. 1 , bottom panel). Table 3 shows the type and incidence of dyslipidaemia in the offspring of young coronary patients and their fathers. Dyslipidaemia was classified into single lipid disorders such as high total cholesterol, high triglycerides, decreased high density lipoprotein cholesterol or into a combination of two or three lipid abnormalities. These categories were mutually exclusive.
Results
Cut-off points of abnormal lipid levels for the children were defined for total cholesterol and triglyceride levels above the 90th percentile (total cholesterol >198 mg . dl 1 , triglycerides >119 mg . dl 1 ) and for high density lipoprotein cholesterol levels below the 10th percentile (<39 mg . dl 1 ) of the control group. For the fathers 'abnormal' lipid levels were considered as follows: total cholesterol >220 mg . dl 1 , triglycerides >200 mg . dl 1 and high density lipoprotein cholesterol <35 mg . dl 1 . When excess lipoprotein(a) (>51 mg . dl 1 , the 90th percentile of the control group) was taken into account, 11 (10·6%) children with a history of premature coronary artery disease had as single lipid disorder the high lipoprotein(a) raising the total incidence of dyslipidaemia to 63·5%.
When we explored the relationship of lipids between the children and their affected fathers there was significant positive correlation with total cholesterol, low density lipoprotein cholesterol and lipoprotein(a) (Fig. 2) .
Discussion
Coronary artery disease is multifactorial and caused by the interaction of genetic and environmental factors. The genetic component is believed to be more predominant than the environmental when coronary atherosclerosis presents early in life. In addition, premature coronary artery disease tends to run in families. Although the familial clustering of coronary artery disease is not entirely explained by the familial aggregation of the traditional coronary risk factors [4] , hyperlipidaemia contributes largely.
The sampling of the young subjects in our study was such as to enhance the genetic origin of the documented lipid disorders. None of their fathers was diabetic or hypertensive. It is well documented that both these conditions have an important genetic component [9, 10] and if present they affect the lipid profile. Furthermore, the children of the two studied groups had comparable dietary or smoking habits, were matched for body mass index and were living in the same urban area.
In our study, total cholesterol, low density lipoprotein cholesterol and lipoprotein(a) were higher in the cases compared to controls and this difference remained when the children were divided into single sex groups.
The relationship between cholesterol and coronary artery disease has been supported by many epidemiological studies [11, 12] . However, the relationship between cholesterol to clinical disease cannot be evaluated easily in children because clinically significant coronary artery disease does not occur in children except in those with homozygous familial hypercholesterolaemia. The early appearance of coronary artery disease in this disorder demonstrates that young arteries are not resistant to the atherogenic effect of high cholesterol [13] . There is compelling evidence that fatty streaks progress through transitional lesions to advanced forms of atherosclerosis. Analysis from the Bogalusa Heart Study [14] has shown that ante-mortem levels of total cholesterol and low density lipoprotein cholesterol were associated with coronary artery fatty streaks at autopsy in 150 persons aged 6 to 30 years. The importance of early detection of hypercholesterolaemia lies in the possibility of delaying or arresting the progression of early atherosclerotic lesions by lowering elevated cholesterol.
Although there are no prospective studies demonstrating the beneficial effect of long-term lipid lowering policy in dyslipidaemic children, regression studies in adults after lowering cholesterol [15, 16] allows the belief that similar effects will be expected in children.
Lipoprotein(a) is a low density lipoprotein particle that has been modified by the binding of a unique glycoprotein called apolipoprotein(a) to apolipoprotein B. Apolipoprotein(a) is strikingly similar to plasminogen and in vitro studies have ascribed thrombogenic properties to lipoprotein(a) [17, 18] . Clinical studies have shown a link between premature coronary artery disease and increased levels of lipoprotein(a) [19, 20] . Racial differences in serum lipoprotein(a) distribution relative to parental myocardial infarction were studied in 2438 children between 8 and 17 years of age [21] . White children with parental myocardial infarction had increased levels of lipoprotein(a) compared to those without parental myocardial infarction (22·4 vs 17·1 mg . dl 1 ). Lipoprotein(a) is the only major lipid risk factor which remains remarkably constant in an individual. In addition, lipoprotein(a) shows a strong heritability. This strong genetic component was also indicated in our study by the positive association found between the lipoprotein(a) levels of the children and their fathers. Srinivasan et al. [21] have postulated that serum lipoprotein(a) levels could be substituted for the knowledge of parental history of premature coronary artery disease in distinguishing patients from controls [22] . This will be particularly useful in identifying children at risk when parents are still quite young.
In our study, 53% of the offspring of young coronary patients had a lipid disorder. The most frequent disorder was the isolated elevation of total cholesterol observed in 30% of the offspring. The next most frequent abnormality was isolated low high density lipoprotein cholesterol (7·7%). From the combination of lipid disorders, hypercholesterolaemia+ hypertriglyceridaemia was the most commonly seen in 5·8% of the children. When excess lipoprotein(a) was added to the lipoprotein disorders the incidence of dyslipidaemia was increased to 63·5%. Lee et al. [23] who studied 173 progeny from 63 families in which the father had angiographically diagnosed coronary artery disease by 50 years of age, found dyslipidaemia in 51% of the progeny. However, there was a different distribution in the type of lipid disorders, with isolated low high density lipoprotein cholesterol being the most frequent disorder present in 17% of children, followed by increased low density lipoprotein cholesterol in 12% of progeny. Lipoprotein(a) had not been determined in this study.
It is worth noting the relatively high mean total cholesterol levels (175 mg . dl 1 ) in the control group compared to the mean levels of American children (160 mg . dl 1 ) [24] , which mainly reflects the change in the dietary habits in the Greek population. The Mediterranean diet of the early 1970s, which was related to low mortality from coronary artery disease [25] , has been replaced by a 'westernized' type of diet. This change has contributed to the general increase in the rate of coronary events among Greeks over the past 25 years [26] . It would appear from the above that there is a need to apply dietary recommendations, such as low saturated fat and cholesterol (NCEP recommendations [27] ), not only to high risk dyslipidaemic children but also generally to the young, with the aim of maintaining cholesterol levels to less than 150 mg . dl 1[10] .
We found a striking resemblance in the type and distribution of dyslipidaemia between the affected fathers and their children. The higher incidence of dyslipidaemia in the affected fathers was probably due to the impact of some environmental factors, such as smoking, which is more frequent in this age group. Furthermore, the sampling was biased towards patients with more severe lipid disorders, since all selected fathers had already developed coronary artery disease. This resemblance, in association with the positive fatheroffspring correlation of total cholesterol, low density lipoprotein cholesterol and lipoprotein(a) further shows the heritability of lipid disorders. Genest et al. [28] also examined the parent-offspring correlation of lipids in 102 families with coronary artery disease under the age of 60 years. The strongest correlation was found with lipoprotein(a) and they concluded that lipoprotein(a) has probably the strongest genetic determinant. In our study, total cholesterol had the most significant correlation. From the distribution of total cholesterol values in the father-offspring correlation, it was evident that the strength of correlation was partly influenced by a subgroup of individuals with high total cholesterol levels. This subgroup was composed mainly of subjects with known familial disorders, such as familial hypercholesterolaemia. However, even after the removal of the children with relatively high levels of total cholesterol (>280 mg . dl 1 ), the correlation of fatheroffspring total cholesterol preserved its significance.
In conclusion, our results show that lipid disorders are very common in the offspring of young Greek coronary patients and account largely for their familial predisposition for coronary artery disease. Therefore, all these children should be screened for dyslipidaemia, and dietary measures should be applied as a first step approach. The beneficial effect of lowering cholesterol in adults supports the expectation that similar measures in children will decrease the incidence of heart disease in adult life. The strong genetic component of lipoprotein(a) in association with its atherogenic potential 
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